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ABSTRACT 

The Computational Fluid Dynamics (CFD) Program at NASA Ames Research Center is 
reviewed and discussed. The presentation is broken into several sections as follows: First, the 
technical emements of the CFD Program are generally listed and briefly discussed. These 
elements include algorithm research, research and pilot code development, scientific 
visualization, advanced surface representation, volume grid generation, and numerical 
optimization. Next, the discipline of CFD is briefly discussed and related to other areas of 
research at NASA Ames including Experimental Fluid Dynamics, Computer Science Research, 
Computational Chemistry, and Numerical Aerodynamic Simulation. These areas combine with 
CFD to form a larger area of research, which might collectively be called computational 
technology. The ultimate goal of computational technology research at NASA Ames is to 
increase the physical understanding of the world in which we live, solve problems of national 
importance, and increase the technical capabilities of the aerospace community. 

Next, the major programs at NASA Ames that either use CFD technology or perform research 
in CFD are listed and discussed. Briefly, this list includes turbulent/transition physics and 
modeling, high-speed real gas flows, interdisciplinary research, turbomachinery demonstration 
computations, complete aircraft aerodynamics, rotorcraft applications, powered lift flows, high 
alpha flows, multiple body aerodynamics, and incompressible flow applications. Some of the 
individual problems actively being worked in each of these areas is listed to help define the 
breadth or extent of CFD involvment in each of these major programs. 

State-of-the-art examples of various CFD applications are presented to highlight most of these 
areas. The main emphasis of this portion of the presentation is on examples which will not 
otherwise be treated at this conference by the individual presentations. Thus, a good survey of 
CFD applications research at NASA Ames can be obtained by looking at this presentation in 
conjunction with the individual NASA Ames presentations made at this conference. 

Finally, this overview is concluded with a list of principal current limitations and expected 
future directions. Some of the future directions include algorithm research, turbulence/transition 
research, multidisciplinary research, graphics and workstation research and applications which 
will address more realistic simulations in the engineering world. 
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COMPUTATIONAL FLUID DYNAMICS 

TECHNICAL ELEMENTS 
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COMPUTATIONAL TECHNOLOGIES 

THRUSTS 
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MAJOR PROGRAMS USING CFD 

NASA Ames Research Center 
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COMPLETE AIRCRAFT AERODYNAMICS 

• NASP 

• F-16 (TNS, TRAN AIR) 



MAJOR PROGRAMS USING CFD (CONTINUED) 

NASA Ames Research Center 
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HIGH ALPHA 

• HARV APPLICATIONS (F-1 8) 

• OGIVE CYLINDER COMPUTATIONS 

• UNSTEADY FLOWS 
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ADVANCED SIMULATION AND ANALYSIS 

PROJECT (ASAP) 

VAN DALSEM, VOGEL, LUH, SORENSON, ATWOOD 
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ADVANCED SIMULATION AND ANALYSIS 

PROJECT (ASAP) 

VOGEL, LUH, SORENSON, ATWOOD 
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SURFACE GRID FOR GENERIC 2D ZONING COMPARISON: HUMAN 

HYPERSONIC AIRPLANE EXPERT vs EXPERT SYSTEM (EZGRID) 





PANEL METHOD APPLICATIONS 

ASHBY, IGUCHI, BROWN 
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PAYOFF 

• EFFICIENT, RELIABLE TOOL FOR USE IN 
LOW SPEED APPLICATIONS 


PANEL METHOD APPLICATIONS 

ASHBY, IGUCHI, BROWN 
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HORIZONTAL COORDINATE, 2T/wj x/c 

VELOCITY VARIATION ACROSS INLET CHORDWISE PRESSURE DISTRIBUTION 

ON E-7 WING PMARC COMPUTATION; 

2y/b = 0.6, a = 8° 
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TIME-AVERAGED PRESSURES IN THE SECOND 
STAGE OF A 2.5 STAGE COMPRESSOR 

GUNDY-BURLET, RAI 
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EFFECT OF TANGENTIAL LEADING EDGE 
BLOWING ON VORTICAL FLOW 


</) 

£E 

Ul 

CD 

O 

cc 


Ul 

s 


Ul 

> 



15 


EFFECT OF TANGENTIAL LEADING EDGE 
BLOWING ON VORTICAL FLOW 

YEH, TAVELLA, ROBERTS 
(Moo = 0.3, a = 40°, Re = 1.3 x 106, X/C = 0.36) 
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EULER VALIDATION/PRESSURE INTEGRATION 

MELTON, ROBERTSON, MOYER 
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TUNNEL PRESSURE INTEGRATIONS 



EULER VALIDATION/PRESSURE INTEGRATION 

MELTON, ROBERTSON, MOYER 

M = 0.8 DRAG POLAR 
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SPACE SHUTTLE LAUNCH CONFIGURATION 

STEGER, RIZK, OBAYASHI, MARTIN, CHIU, BUNING 
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PAYOFF 

• PREDICTIVE TOOL FOR UNDERSTANDING AND REFINING AERODYNAMIC 
PERFORMANCE OF MULTIPLE BODY VEHICLES 



SPACE SHUTTLE ASCENT MODE RESULTS 
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UNSTEADY MULTIPLE BODY AERODYNAMICS 
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• A VALIDATED COMPUTATIONAL TOOL FOR 
ANALYZING COMPLEX AERODYNAMIC PROBLEMS 
INVOLVING MULTIPLE BODIES IN RELATIVE MOTION 



o 

N 

h- 

LU 

cc .. 
o w 

l§ 

O o 


in r- co 
cm co 
XXX 
O h- I s - 
CO CO N 
XXX 
CO CO ^ 

n in n 

CD CO 
H CC DC 
HI c/) O 


11 

Q. 

O 

CD 

(/) 

X 

H 

CO 

CL 

LU 



z 

o 


LU 

1“ 

n 

6 


X 

LU 

5 


CO 

T“ 


h- 

DC 

cc 

i 

LU 

5 

X 

CD 

CO 

CO 

o 

Q 

z 

X 

3 

CO 

O 

o 

£ 

LU 

O 

H- 

O 

1- 

T™ 

in 

CD 

XI 

CO 

2 



in 

o °> 
CM CO 

+ II 
II a, 
8 £E 


Z Q > W S = 

ESSls a 

§ | ° J; iuid< 

E 111 O CC CC DC 
YA tn a z Q.WI- 


22 


BURN-TIME = 0.68 sec 








AIRCRAFT STORE SEPARATION 

MEAKIN, SUHS 

FREESTREAM CONDITIONS: M m = 1.05, a = +2°, Re = 2.4x10 6 
WING LOWER SURFACE C DISTRIBUTION MACH CONTOURS ABOUT STORE 
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TURBULENCE MODELING FOR HYPERSONIC FLOWS 

COAKLEY, HORSTMAN, KUSSOY, MARVIN 
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COMPLEX FLOW STRUCTURES 


FOR AN IMPINGING 
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HYPERSONIC APPLICATIONS 
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HYPERSONIC AIRCRAFT 



GENERIC HYPERSONIC 
AEROTHERMODYNAMIC RESULTS 

LAWRENCE 

Moo = 11.4, a = 0°, Re L = 29 x 106 
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FUSELAGE STATION, in. FUSELAGE STATION, in. 




HYPERSONIC EXHAUST PLUME/AFTERBODY INTERACTION 

EDWARDS 

NOZZLE/AFTERBODY MODEL GENERIC HYPERSONIC VEHICLE 
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AFTERBODY PRESSURE COMPARISON PRESSURE COMPARISON 

BETWEEN 2ND AND 3RD NOZZLES WINDWARD PLANE OF SYMMETRY 

DOWNSTREAM OF NOZZLE 



BLUNT 5° CONE WITH SHOCK GENERATORS 


ORIGINAL PAGE 

black and white photograph 
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DIRECT PARTICLE SIMULATION OF 
HYPERSONIC FLOWS 
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DIRECT PARTICLE SIMULATION IS APPLICABLE AT LOW DENSITIES AND HIGH MACH 
NUMBERS BEYOND THE REACH OF CONTINUUM METHODS. 

ENABLES PARTICLE SIMULATIONS ON A MUCH LARGER SCALE THAN 
PREVIOUSLY POSSIBLE. 

PROVIDES NEEDED INSIGHT IN THE DESIGN OF PROPOSED HYPERSONIC VEHICLES. 
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TOOLS FOR ANALYZING MASSIVE RESULT FILES 


FUTURE DIRECTIONS 
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EQUATIONS FOR AERODYNAMICS, GAS CHEMISTRY, STRUCTURES, 
CONTROLS, PROPULSION AND ELECTROMAGNETICS 
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